Through our screening for new natural compounds, four new polyketide metabolites, 7,8-dihydonivefuranone A (1), 6(7)-dehydro-8-hydroxyterrefuranone (2), 8-hydroxyterrefuranone (3), and 6-hydroxyterrefuranone (4) were isolated from the fermentation extract of Microdiplodia sp. KS 75-1, together with the known compounds nivefuranones A (5) and B (6); their structures were determined by spectroscopic (NMR, UV and IR) and MS analysis. . Compounds 1, 2, 4 and 5 showed antimicrobial activity against Candida albicans and Staphylococcus aureus.
Endophytic fungi, microorganisms that live within the tissues of host plants without causing symptoms of disease, have proven to be rich sources of bioactive natural products. As part of our research program on the utilization of fungal sources in the wooded areas of Japan, we investigated the secondary metabolites of Microdiplodia sp. KS 75-1 from the stem of Pinus sp. We have reported previously the isolation and the antibacterial activity of two new eremophilane sesquiterpenes, 8a-acetoxyphomadecalin C and phomadecalin E, isolated from the extract of a solid rice culture of Microdiplodia sp. KS 75-1 [1] .
Microorganisms, especially fungi, have the potential to produce compounds with high chemical diversity. Several strategies for the discovery of new secondary products by activating dormant gene clusters have been studied. Furthermore, it is well-known that new compounds can be elicited by cultivating microorganisms in different fermentation conditions using the One Strain-MAny Compounds (OSMAC) approach [2] . In our ongoing search for new bioactive secondary metabolites from endophytic fungi, we used different fermentation conditions, guided by the OSMAC approach, to dramatically change the secondary metabolites pattern of this KS 75-1 strain, leading to the isolation of new polyketidederived metabolites, compounds 1-4, together with known compounds, nivefuranones A (5) and B (6) [3] . Furthermore, these compounds were detected when this strain was cultured in liquid, but not when it was cultured in a static rice medium in the first experiment. In the present paper, we describe the isolation and characterization of these compounds and their biological activity.
The culture broth (1.0 L) of Microdiplodia sp. KS 75-1 was filtered and the cultured filtrate extracted with EtOAc. The EtOAc extract was chromatographed on silica gel and separated into 13 fractions. Purification of the fungal metabolites was guided by an antimicrobial activity test, UV absorption, and the characteristic coloration by TLC. The EtOAc layer was chromatographed on a silica gel column using a stepwise gradient of n-hexane-EtOAc. Further chromatographic studies using silica and ODS gel yielded six compounds 1-6. The structures of the known compounds, nivefuranones A (5) and B (6) were assigned by comparing their physicochemical properties and spectra data with those reported in the literature [3] . In addition, 6 is unstable in solvents. When dissolved in most organic solvents, 6 converts to 5 by dehydration at C-7 and C-8.
The HR-ESI-TOF-MS (positive ion mode) of 1 exhibited pseudomolecular ion peaks at m/z 287.1268 (calc 287.1259) [M+H] + , and 309.1155 (calc 309.1079) [M+Na] + that, together with the 13 C NMR spectroscopic data, allowed the determination of the molecular formula of 1 as C 15 H 19 O 4 Na. The IR spectrum indicated the presence of conjugated ketone groups (1751, 1677 cm -1 ). The UV spectrum of 1 showed an absorption maximum at 243 nm, indicating the presence of a conjugated system. The 13 C NMR (Table 1 ) and DEPT spectra of 1 showed carbon signals due to three methyl carbons, three sp 3 methylene carbons, one sp 3 quaternary carbon, two sp 2 quaternary carbons, four sp 2 methines, and two carbons in the carboxy carbonyl region. The six unsaturation equivalents required by the molecular formula indicated that this compound has one ring. The carbon chemical shift of C-2 ( C 92.6), C-3 ( C 203.6), C-4 ( C 105.2), C-5 ( C 200.2), and C-6 ( C 167.5) observed at low field were almost identical to the corresponding signals reported for the presence of a a 4-alkoxycarbonyl-5-alkylfuran-3(2H)-one ring system present in gregatins A and B (7) [4, 5] , aspertetronins [6] , penicilliols [7] , and nivefuranones [3] . From the molecular formula, it could be deduced that 1 is present as a sodium salt of the 4-carboxylate-5-alkyl-furan-3(2H)-one homologue. The 1 H NMR (Table 1) (Table 1) , shown in Figure  2 , provided evidence for the following connections: (1) the tertiary methyl group (CH 3 -10) and the side chain consisting of a 1,3-dihexenyl moiety were attached at the oxygenated quaternary carbon (C-2); (2) the propyl moiety was placed at the C-5 quaternary carbon. The geometrical configurations were determined to be 11E, and 13E with large coupling constants (J 11,12 = 15.4 Hz, and J 13,14 = 15.2 Hz) and NOE correlations found between H-11 and H-13, and between H-12 and H-14. Thus, the structure of 1 was determined to be 7,8-dihydronivefuranone A, as shown in Figure 1 .
The molecular formula of 2 was found to be C 14 H 18 O 3 from the HR-ESI-TOF-MS and 13 C NMR spectroscopic data, and indicated 6 degrees of unsaturation. The UV spectrum showed absorption maxima at 243 and 294 nm, while the IR spectrum had strong bands for hydroxyl (3409 cm -1 ) and conjugated ketone groups (1697 cm -1 ). In the 1 H NMR spectrum of 2 (Table 1) In the HMBC correlations, the signals for H 3 -9 correlated with C-2, C-3, and C-10; the signals for H-11 with C-2 and C-10; the signals for H-7 with C-5; and the signals for H-6 with C-4 and C-5. These results indicated that the 1,3-dihexenyl moiety and methyl (H 3 -9) are linked to C-2 and the 1-propen-3-ol moiety (C-6 to C-8) to C-5. Furthermore, no signal due to a carbonyl carbon at C-6, as in 1, was detected for 2, but a new methine signal [ H 5.47 (1H, s),  C 101.6 (d)] was observed in the 1 H and 13 C NMR spectra. In the HMBC spectrum of 2, the methine at  5.47 showed correlations with C-2 and C-6, indicating the methine position to be at C-4. On the basis of the foregoing evidence, the structure of 2 was elucidated as 6(7)-dehydro-8-hydroxyterrefuranone. Terrefuranone (8) has previously been reported from Asperigillus sp. [8] .
The molecular formula of 3 was established on the basis of HR-ESI-TOF-MS and NMR data as C 14 H 20 O 4 . The UV spectrum of 3 showed an absorption maximum at 243 nm. The IR spectrum showed the presence of a hydroxyl (3388 cm -1 ) and conjugated ketone (1697 cm -1 ) groups. The 1 H NMR data (Table 1) were seen in the 1 H NMR and 1 H-1 H COSY spectra. In the HMBC, the methine signals at  C 4.58 exhibited HMBC correlations with C-5. These data suggested that 3 possessed a hydroxy group at C-7. The proposed structure was also supported by HMBC experiments. On the basis of the above data, the structure of 3 was elucidated as 8-hydroxyterrefuranone.
The molecular formula of compound 4 was established by HR-ESI-TOF-MS as C 14 H 20 O 4 , which is the same as that of 3. The UV and IR spectra were also similar to those of 3. The 1 H and 13 C NMR spectral data of 4 contained almost identical resonances to those of 3 (Table 1) The absolute configurations of 1-4 were left unassigned. The antimicrobial activities of 1-6 were tested by the paper-disk diffusion method at a concentration of 40 g/disc. Compounds 1, 2, 4 and 5 showed inhibition zones with the indicated diameters against the following microorganisms: Staphylococcus aureus NBRC 13276; (1: 15 mm, 2: 15 mm, 4: 16 mm, 5: 15 mm), Candida albicans ATCC 2019; (1: 13 mm, 2: 13 mm, 5: 15 mm). None of the tested compounds showed activity against either Aspergillus clavatus F318a or Pseudomonas aeruginosa NBRC15442. Other related compounds need to be evaluated aiming to better understand the structure-activity relationships displayed by compounds 1-6. Nivefuranones A (5) and B (6) have been reported to show anti-HIV activity [3] .
Some other structurally related compounds, gregatins A, B, C, and D were reported to show phytotoxic activity against adzuki bean, and antifungal and antibacterial activities, while penicilliols A and B exhibited inhibitory activity against DNA polymerases [4, 7] . In addition, the synthetic derivative from terrefuranone (8), 6,7dehydroterrefuranone, showed growth inhibitory activity against tumor cells [8] .
In our initial investigation of this producing strain, sesquiterpene derivatives were isolated by solid-state fermentation. However, when this fungus was cultured under submerged culture conditions, the profile of the produced secondary metabolites was different. Sesquiterpene derivatives were not detected, and compounds 1 -4 newly appeared. Further pharmacological studies of these compounds are currently in progress.
Experimental
General: Column chromatography (CC): silica gel (200-300 mesh), and ODS (RP-18). TLC: Kieselgel F 254 (0.25 mm; Merck); detection by spraying with 10% vanillin in H 2 SO 4 , followed by heating at 120˚C. Optical rotations: Horiba model SEPA-300 polarimeter. IR spectra: JASCO J-20A spectrophotometer, KBr pellets; n in cm -1 . 1 H and 13 C NMR spectra: JEOL EX-400 spectrometer, at 400 / 100 MHz, resp.;  in ppm rel. to Me 4 Si as internal standard; coupling constants J in Hz. Mass spectra were obtained with a Waters-Synapt G2 instrument.
Fungus and cultivation:
The fungal strain Microdiplodia sp. KS 75-1 was isolated from the stem of Pinus sp. collected in April 2006 at the foot of Mt Gassan, Yamagata, Japan. The strain was identified by BEX Co. LTD., Japan, using a DNA analysis of the 18S rDNA regions and has been deposited at the Faculty of Agriculture of Yamagata University, Japan. For fermentation, Microdiplodia sp. KS 75-1 was grown on slants of potato dextrose agar. A loopful of the culture was transferred into 10 500 mL-Sakaguchi flasks containing 100 mL of a medium consisting of 40 g of malt extract, 40 g of glucose, and 1.0 g peptone per 1 L of water. The inoculated flask was incubated at 25˚C for 4 weeks on a rotary shaker.
Extraction and isolation of compounds 1 -6:
One L of culture broth was separated from the mycelia by filtration. The filtrate was extracted with EtOAc (3 x 1.0 L). The organic layer was concentrated in vacuo to give an oily residue (1.36 g), which was subjected to silica gel CC with mixtures of n-hexane/EtOAc 100 : 0 -0 : 100, and mixtures of EtOAc/MeOH 50 : 50, 0 : 100 to give fractions 1 -13 (Fr. 1-1 to [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Antimicrobial activity: Antimicrobial activities were determined using the agar diffusion test using paper disks (8 mm in diameter, thin, ADVANTEC). Test organisms were Staphylococcus aureus NBRC 13276, Pseudomonas aeruginosa ATCC 15442, Aspergillus clavatus F 318a and Candida albicans ATCC 2019. An antibiotic paper disk was loaded with a sample solution and then dried for 2 h in vacuo to the remove the solvent. Each test sample-loaded disk was placed on the agar plates inoculated with tester strains, which were incubated 25˚C. Antimicrobial activities were estimated by measuring the diameter of inhibition zone formed on the agar.
